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APSl 'RAC'f OF TJl ii DISCLOSURE 
An olectxode device for electrically liDatiiif; underground 
deposits of hydrocarbons such as oil ss.uA or oil sbnlc*. Plural 
well pipe sections are joined through i.nsulMed pipe joints with 
an electrode: connected through dejc uf thu insulated pipe joints 
to a low-er otie of the pipe sections. Each of the insulated pipy 
joints includes a first tubular member having a flange portion 
At one and thereof, 3 second tubular member having a cap portion, 
at one end which is received in the fjango portion of the first 
tubular member with a jap th.ere-between , and an insulating jneiubtsi' 
disposed in the efy> ior hermetically coupling the first and 
second tubular members and for electrically insulating first 
and second tubular mambers from one another. 



ELliCTKODE DEVICE TOR KLKCTIUCALLY HEATING 
UNJHiKCSfODND DEPOSITS OF HYDROCARBONS 



BACKGROUND OF THE IKVENTION 
THb present lnvontioa relate; to an. electric device 
used to electrically heat uniSorgrpund deposits of hydrocarbons. 
More specifically, the present invention relates to an electrode 
5 davice which is used to supply eloctrlcal power to an underground 
deposit thereby to heat the hydrocarbons -prese-nt in the deposit 
to cause them to have a Jpuer viscosity and hi^ier fluidity in order 
to moro easily remove' there from the veil . 

The- term 11 hydro carbons" »s used hereinafter means 
IQ ■ petroleum or oil, bitumen contained in oil sand [also called 

"tar sand") and kerogen contained in oil shale. These will ail 
be referred to es "oil" for simplicity. 

If the oil in the underground deposit has sufficient 
fluidity, it is possible to extract the oil through the nell 
15 either by gas pressure coexisting iii the oil layer or hy forcing 
a liquid such as brine into one well to force the oil to flow 
out of another well. Howavsr, should the underground oil hivo 
low fluidity, it cannot be extracted until the oil is made mora 
' fluid 1 . A general method of making the oil fluid is to heat the 
ZO oil thereby to lower the viscosity of the oil. The temperature 
suitable for this is different for different types of oil. 

There have boen proposed as oil l£yer heating methods 



the injection of hot water or water vapors at a high temperature 
under a high pressure, supplying electrical power to the 
underground deposit, underground combustion in which the under- 
ground oil layer is ignited with a supply of air so that it may 
S be burned, and the jise of explosives. The last two methods are 
difficult to con-tTDl so that they are not in ganoral use. 

According to the method of injecting the hot water or 
water vapor at a high temperature and under a high pressure, 
the oil layer is heated to enhance- the fluidity of the ail to 

10 ' cause the fluid oil to flow out to the ground surf ace . If, how- 
ever, some regions of the oil deposit have a low resistance to- 
the flow of hot water or water vapors or there are voids in the 
oil layer, the water or vapors way collect In these regions and 
fail -to diffuse throughout the whole layer. Moreover, if the 

15 oil layer is solid and dense, the hot water or it-s vapors will 
again not diffuse so that the oil layer cannot be heated. 

Heating by the supply of electrical pctf&r is uerfunmsd 
by drilling a plurality of wolls in tho oil layer and "by establish- 
ing potential differences hetwee-n ©lectrodas disposed in the 

20 wells 50 that the oil Isyer is heated by its resistance to the 
electrical current which flows therethrough. Thijs technique Is 
advantageous in that the oil layer can be -wholly boated with case 
even if it has voids or is solid and dense. However, another 
device is required for pumping up: the fluid oil, 

2S For improving the oil producing efficiency, there has 
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further been prOpOS&d a piuthod -which includes a first Step of 

hunting the oil layor by electrical I'esi&t.ance heating and a step 
of injecting hot water or water vapors at a high temperature And 
tmdur a. high pressure when the pi.i layer becomes suft while con- 

S timiing the heatin'g sd that the resultant fluid ail may he pumped 
DUt, 111 ordei ti> efficiently heat the oil layer, tho sl.BctToOe 
device mist be suf f itiently el&ctiically insulated thHt the leak- 
age of electrically current into underground portions other than 
the oil layar is avoided as much as possible. 'J'ha Bi.ectrode de- 

20 vita 5..S also required to be unbreakable with respect to the under- 
ground soil pressure, the pressure of the vapors which are gener- 
ated by the heating operation, and the pressure of injecLed hot 
v.'ater Or hot high pressure- water vapors. The electrode doyic» 
Is further required to be free from leakage of hot water or hot 

J.i high pressure water -vapors . 

In order to explain, tlie electrode device of this general 
type more fully, an example in which the oil is Detract ad from 
oil sand! will be described. 

Oil sand, also called "tar sand", is present in large 

20 quantities in Canada, Venezuela and the United States. 

The oil in the oil sand is typically mixed with trine between 
sands in deposits. Moreover, it typically has such a 
remarkably high viscosity that it has e-ssentially no fluidity 
in its natural state. A deposit of the oil sand may be 

15 partially Exposed in a valley or at the banks of 



a riveir but in most often located onttaely undexyronnd at a 
Llapfc.h..of 200 to S00 ra wW.i.h haviiiy a thickness of several tsim 
o£ . meter &, live to consideration of economy and environmental- pro- 
jection, it is neceBBary to separate out the oil underground and 
to extract only the oil from the well. Jtoreoyor, sinca the 
extraction of Oi). from a shallow under ground is accorapnnied 

by a dancjer of subsidenoe, it: is desirable to extract- oil only 
from underground layers lying deeper than 300 m. 

Further aspects of the background d± the Invention and 
the Invention of the present implication fere deeca-ibecl wl lh 
the assistance of the accompanying drawings in' i^hlch*. 

Vig. 1 ia s schematic sectional vis>? showi.ng a 
convent i.onal prior art installation of the general type with 
which the Invention is utilised; 

ifig, 2 is a eross-sectional. view of tin insulated pipe 
joint of the invention; 

Pig, 3 is a oross- a actional view showing Bflvaral joined 

pipe sections, an electrode and insulated pipe ^joinfca in accordance 
with the invention > and 

Pigs. 4-7 are a' scries of cross -sec tionail views 
illuatrAtincr the use of insulating coatings in accordance wH;h 
the invention - 

K"ig. 1 illnsfcrateu the' b£ntin£f Of an oil sand layer, 
by elocfcrodeB coupiod to a power supply. In Pig. 1, reference 
numerals 1 and 11 indicate main guide pipea made of steal, 2 
and' 12 indicate Insulators joined to the main tfuide pipes 1 and 

11, 3 and 13 .indicate electrode^ 3oined to the insulators 2 and 

12, perforations are farmed in the electrodes? 3 i»nd 13, and 4 and 
14 indicate cables for feeding an electric current to the ele- 
ctrodes 3 and 13. This assembly ia hereinafter called together the 



"ulcctrorte device". Reference numeral 5 iruHcutc-s n power 
source, 6 irtSS.catftf? an oil 3cini3 lijy^i'r ' indicatta an olootx.tc 
currant flowing between tjtc electrodes 3 ctnet 13, fi indicates the; 
(jrouucS Burfure, S indicates «jl overburden layer,, and 10 in- 
dicates a l.ayar below the nil santi layer. 

When a voltayC is appli.ed to tho el.ectrodcc 3 and 
13 which arc buried in the oil Banc's layer 6 from the power 
Stmrne 5 through the cublc.D 4 aricl 14, the currant 7 flows n.A 
accorrlf-mcre with the electric res 1 s Wncfi of the oil sand lfiycr 
6 as a result 



of which the oil sand layer 6 is heated by Joule or resistance 
heating. Although, the current 7 paztfally flows into Che over- 
ourdsn layer & and the Isiyer 10, the leakage is maintained at a 
low level because the insulators 1 and 12 are interposed between 
the main guida pipes 1 and 11 and tho electrodes i and 13. After 
the pil sand layer 6 3ias been warmed, the power supply is inter- 
rupted. Hot water or water vapors at a high temperature under 
a high pressure are then forced from the upper inlet of one main 
guide pipe I of the electrode device and flow, through tht> oil 
sand layer 6 until they come out of the other main guide pipe' 
11 carrying the oil, Tn order to improve the flow ratas of the 
hot -watsT of the hpt pressure water vapors, perforations are 
farmed in the electrodes S and 15. 

Since the upper portions of the insulators 2 and 12 
are connected to the main guide pipes 1 and 11 and the lowor 
portions are connected with tho electrodes 5 and 13, a doicn* 
ward tensile stress is always applied ta the insulatDi-s, More- 
over, since the assembly can be at a temperature as hi^h as 
250'C to 3Q0 C C, the insulators should ba ahl.e to withstand such 
temperatures . Also, since the insulators 2 and 12 are buried 
underground as deep as several hundred waters with the electrodes 
5 and 13 suspended from thoxT lower ends Kith the upper ends 
thureof connected to the main guide pipes Z and 12, the insulators 
2 and 12 will almost certainly contact or collide with the well 
walls vhilo they arc lowered into the well. Because of the 



gTust total weight, any slight contact will Impose a hi^h siicchi- 
nical impact, upon the insulators 2 and 12, Therefore, the 
insulators 2 and 12 aTc required to be able to withstand anticipated 
levels of mechanical impact. 

5 in an electrode device which heats an oil sand layer 

when it Is supplied vith &n electric current, a major problem is 
that the ulcctric resistance in t&e oil sand layer is approximately 
equal to the overburden layer. Since these electric resistances 
differ depending on place and conditions, they cannot jjoiicrally 

If be precisely stated. Ho«ovor, avorag© values are iMft-m for 

the oil sand la>'or and liifl-lsOJi-m for the overburden layer. As a 
result, if an electric current is supplier! to two electrode devices, 
which are constructed by connecting ele-ctrodes to guide pipes made 
of steel pipes and by disposing those electrodes in the oil sand 

15 lfl)*er, raOiSt of ths current will be consumed in the overburden 
layer. In order to avoid this problem, it is ne-cessary either 
to cover the surfaces of the guide pipes with an insulating coating 
Di- to Insulate the electrodes from the guide pipes. 

Various attempts have been made to provide insulators 

2D which satisfy the afaremeCuiosied requirements. In one such 
attempt, flanged tubular members made of me-tal ars coated with 
«n argasiic tesin which provides a high resistance tg heat- An 
appropriate nsatcrial is polytetraf luoroe-thyleno resin (fax example 
"Teflon™" which is trade name of <3u ?Diit) . With this 

25 construction, insulating members are provided which are 

satisfactory in their ability to ifithstand a suspending load 
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And mechanical impact forces. However, it Tins proved quite diffi- 
cult to coat the fla-nps port i ons satisfactory with the insulat- 
ing material. Moreover, even if satis factor/ insulating char- 
acteristics are provided at tuom temperature, the insulating 
5 coating has a tendency to separata, especially around tho flange 
portions, dui? tp repeated thermal expansion and contraction 
such hs is typically encountered in normal operating conditions. 
If tb-e insulation coating is brolcon or caused t-o flake off, the 
insulators thus produced become useless, 

10 s second attempt, porcelain uiatoxial has been used 

far forming the insulators. However, it is <*lso necessary in 
constructing the insulators to take into account the requirement 
foi providing water and oil tight characteristics with respect 
to the connection between the main guide pipes 1 and J.l and the 

IS eluctrodes 3 and 13 es veil as between the insulating member, 
'i'ho connection has generally been made by shrink fitting metal 
pipes on the outer peripheral surface of the porcelain pipe and 
then -connected with oth.er metal pipes ordinary techniques sucb 
as voiding or attachment with hnl.ts. With this construction, 

20 although the wall or oil tight characteristics may bo acceptable 
at room temper ature, the strength of the shrink- fitted joints 
tends to drop as the temp oritur e is increased s<? that the abi- 
lity to support the suspended load is correspondingly low erred. 
Moreover , breakage of the porcelain may taken pisce as a result 

25 of the stress imposed upon the leading end portions of the shrint- 

- 7 - 



fitted nreas. fn order to eliminate such drawbacks, there has 
been proposed tht> vse of a porcelain pipe having ends formed 
as fjange portions with the flings portions fastened to jinitul 
ripes with packings interposed between the contact surfaces. 
5 With this construction, the nbo vc-st«tcd requirements are met 
at room temperature . Mowever T the water and oil tight- scaling 
tends to detuTtoTjite upon repeated thermal expansion and con- 
traction. Moreover, porcelain intrinsically lacks strength 
against mechanical ijitpact forces. Thus, it has a high tendoncy 

10 to tie broken by * mechanical impact force such as is ordinarily 
encountered while thf> assembly is lowered through tho well. 
Thus, the prevision of a porcelain insulator suffers from the 
unavoidable defect that there is a high tendency of breakage. 

Vet further, insulators foimod of organic polymeric 

IS compounds have been proposed. Although such compounds may have 
51 high strength at room temperature and are- quite good electrical 
insulators, most of the compounds of this general class are not 
particularly heat resistant. Speci f i call y, very few compounds 
of this, type are knuwn which are i'esi3tant to hot water or water 
vapor aL high temperature »n0 under high pressure. 
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SUMMARY OF TII& _TN VE N TKM 
I ji accordance tfith the invention, there is provided 
an elcjctTDde device for electrically heating underground deposits 
of hydrocarbons including a pLurality of well pipe sections, 
5 an electrode adapted to be disposed in an underground deposit 

of hydrocarbons for supplying an electric currant to the under- 
ground deposits, a plurality of insulating pipe jivintx cKch 
Including a first tubular mender having a flange portion at one 
and thereof, a second tubular member having a cop portion at 
10 one end thereof adapted to bo received in the flange portion 

of the first tubulaT member with a gap therebetween and an in- 
sulating member disposed \t> the gap bet-Keen the flange portion 
and the cap portion for hermetically coupling the first and 
second tubular members while electrically insulating them from 
IS One another and with the insulating pipe joints being us Bit to 

couple at Least some of the piy>e sections together and the elec- 
trode to one cif the pipe sections, and a cap! e- COTme-Cted to the 
electrode for supplying an electric current thereto. 

At least scams of tho insulating pipe joints can bo 

20 interconnected. The insulating member of cacti of the insulated 
pipe joints includes a first insulating portion disposed in the 
gap be tureen the flange portion in the tap portion and second 
insulating portions disposed adjacent inner and outer surfaces 
rtf the tubular members with the fiTSt and second Insulating por- 

25 tions being formed integrally with each other. Preferably, the 
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insulating jnembei of Rarch of. the insuLated pipe; . joints i.x juatlo 
of. a glass-mica welding .[prilled firoin p.o*rders of slas-"- and mica. 
An insulating coatincj tnay be provided on at. least A portion of 
the: outer- CiarHace of tho insulated pipe joint?.:. This coafipg 
ra&y be a reisin' of polytotrjifluorouthylesiu , a resin of diphenyl 
oxidii. >loxeovcr, u protective lnyex oi insulation can be 
proyn.<5ed around at leasl- a portion of thft insulating dotting. 

Dhe proteoUive layer may be; an inexpensive material, such as 
polyethylene, polypropylene ex polyvinyl chlOrida. 

Further objects arid advantages of the invention will 
appear from the following description taken together with the 

dcCCtrtipanied drawings. 

DESCftlfTXOH Of gREt'J&BKEP JSWllOorMEOTfJ. 

in accord tines with the invention, there ic provided 
an Blectrical heating BlBCtrocIe device which is entirely free oL 
the above-Mentipru^d drawbacks. A preferred embodiment of 
the edectrodo device of. the invention will be described in detail, 
fc'itBt with reHeronce to Fig. 2 whiuh shows a cross-sectional 
view of an insulated pipa joint 2i whioh is utilized with the 
electrode dtaviCG Or the invention. 

The pipe joint generally designated 21 in Figure ?. 
comprise^ four basic elements; 

a flx&t. tubular member 71, a second tubular mamber 33, 
a cylindrical sleevfi-liJc& cover member 2$, and an insulating 
member 35. 

Vhe first tubular iricrubex 22 comprises r cylindrical 
tubular portion 23 with a radially uutwurdly extending flange 
portion 24 at a low^r fine! ae shown. 

The second bubals)? nvembei; 33 comprised a cylindrical 
tubular portion 30 with n radially outwardly extending hub pork.io*> 
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l 25 at an upi>er end £fj siiOwn, The into.rior diameter of tubular 
portion 30 of the suuonrl tubular jiffimber 33 S.s eb.ov. r n identical 
to the interior diameter of tubular portion 23 ot the first 
tubular member ).2 . 

Hub portion 2!) of the 2nd tubular member 33 is. provided 
with an internal angular recess 31 as shown. Hub i^ortion 25 
is also provided with external thread b 32 which mate -with 
threads 28 .on cover member 29 to be described. 

.Sleeve-like cover member 29 comprises a cylindrical, 

lO tubular, (IrufH-like portion 26 with, internal -thxesdB.28 at one 

lover Snd as shown in Figure 2 and a radially inwardly e-xten.di.ng 
oap portion 27 at the other upper end „ a? shown, tubular portion 
26 has a larger internal dianietBr that the External diameter 
o£ flange por-tiun 24 of the .first tubular member 22 bo aB tD 
provide a grap t3>erebetween to be occupied by insulafing member 
3S. Cop portion 27 of cover member 2 9 hfie ein internal diameter 
larger than the external diameter of tubular portion 23 of tho 
first, tubular member ?.2 so as to form a <jap therebetween. The in- 
ternal diameter of cap portion 27 is smaller thun the external 

20 diameter of flange portion 24 of the first tubular Member 22. 

preferably the first tubular member 22, second tubular 
member 33 and cover member 29 are made .from steel. 

Inaul.ating member 35 includes an. cu.fcer .circumf erent.ially 
insulating portion 36 which surrounds external surfaces of 
tubular portion 23 of firat tubular member 22 and an inner cir- 
cumferential ly insulating portion 37 which fits inside the internal 
annular recesa 31 of hub portion 25 Df the second tubular member 
33. The inner insulating portion 3? has the same internal 
diameter as that of tubular portion 30 of the second tubular member 

3° 33. Ab may be B«?en, insulating jnambar 35 comprises an integral 
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j ML-jHb^r extending tram portion 36 thereof to portion 37 thereof. 
Integral insulating mEmbei? 35 thus spaces surfnucs the CirB'fc 
tubuJar .member 22 from surfaci^R of second tubular Jfiorcibfcr 33 and 
cover member ?.S> by a yap occupied as seen in figure 2 by insulating 
member 35. Insulating mp.mber 35 insulates first tubular ™&rol>C'X 
2?. from contact with second tubular member 33 snrl cover member 

With cover member 29 screwed down onto second tubul&r 
mambfcx 33 as shown in Figure 2, flanks portion 24 of first txibular 
■JO member a? ejicasetf by insulating member 35 is sandwiched between 
cover mciobcr 73 and the upper end of bub portion 25 of the 
second tubulaxr incmbe-r 3 3, whereby insulating member 35 may form 
a horwatie seal botweon first tubular member 22 and second tubular 
member 33, 

By screwing cover member 29 onto, second tubular 
member 33, first tubular member 22 may be firmly, se-aiahiy coupled 
to second tubular member 33 yet irtaulati Vfcly isol? tft'd. therefrom. 

in assembly , firsts tubular portion 22 may be inserted 
through cover member 29 following which cover member 2? niay be 
20. screwed cm t o second tubular portion 33. Th& insulating member 
35 may be. s&ati to occupy a gap between the first tubular member 
22 and the coi(lbi.Hatioi> of the second tubular member 3 3 and COVGE 
member 29. 

Proferably, the entire insulating member is made of 
a cpmpnaition of glass and mica find is formed by a molding pro- 
ects. The insulating inejubdr is formed by heading, a mixture o£ 

powders oil glass and mica to a sufficiently high tetnpiirature 
that tho mixture becmneB fluid. Once the, mixture i? fluid, it 

in pressure molded U&i.ng a mold of appropriate sh&p&. Tho £ok- 
3° nation of the insulating member 35 will t>R deac±rbe>d in more 
de tai). . 
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1 The fir el: tubular aiembor 22 and th« Becond tubular 

member 33 are assembled to be positioned as shown in Pig. 2 emd 
are then heated to a predetermined temperature.. The two tubular 
mtimburfe a-t the c0.cv«U:(3 tenperature «i£C Hit tori into a too Id. 
Next, a mixture of glass and 7ftica powders ia pxti^rcfl by pre- 
moldingf the mixture into the farm oi a preiiTnLr>e.ry molded member 
of a cylindrical shape which will *il j*> thf> gay between the 
tubular portion ?-3 o£ the first tubular member 22 and cover member 
23. The preliminary molded jiiembar is heated to a predetermined 

10 temperature toiiA fitted in the cjap in a he&tod condition. Next, 
a pressure ie applied to the prel jjvina ry molded member before 
it cools to for^e the material of the Ito-tf.-biir to 1'lOv.' into the 
gap hetwBBn the first and secon<4 tubular members and into the 
interna.', annular recess il in the second tubular Kiwober 33- 

For the material of the preliminary molded momboxr 
45 wtfc of glaea powder prepared by pulverizing a glaze weed for 
enamel coa-fcing steel objects, commQrcially available' as Product 
No. 2312 o£ Hippon Ferro, *,td. r to a eiae of. 2 00 mesh mixed with 
55 wtft of mica powder of synthetic phlogopoite of a Bize of 

20 SO to 200 roesh. 5 wts of water is added to the resultant mixture 
to. ^et it ro it can be molded. 150 0 gin of the vetted mixture 
ip molded ufcing a oold preasure. molding proceBB to form a cylin- 
dricnLly shaped body using a Jtwld (not ahDwn) . Tho preliminary 
molded meMbiiJt: was disposed in a drier at 120°C for two hours 
to dry it prior to its use in forming the insulating member 35, 

Afl described above, the coveir member 29 and trie hub 
portion 25 are. joined by scren) threads. However, the invention 
ia not lin>i.-t:e<3 thexeto as the cover menibBr 29 an<l the hub por- 
tion 2!> can be joined, by welding. 

30 In an alternate embodiment, the cap portion 27 of 
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1 the cover member 29 is tli'/ided into four quadrants two of which 
are removed, .flango portion 24 of the first tubular .member 

22 if; kbon C-'Ut tuch that the remiiinihrj [>nrt of; the .Clan<je portion 
24 Cfin fit through tht? two removed <.jaa<2i-nnts <j£ tha nap portion 
27 so that the flange portion 24 can be located under the cap por- 
tion 27 of the cover member 25. 

W"i th the insula Lo*3 p-Spn ]o5.nt der-oriberl above, a ten- 
sale force imposed on the ends of the joint is converted into a 
compressive force which acta between the cap portion 27 nndl 
lo flange portion 24, ETinve the compression pLr^ngUh of the insulating 
merabar 35 of the typo described is much greater than its tensile 
strength and since the force par unit area can ho suitably pet 
by adjusting "the extend of the area cm which the compressive 

forces arc applied, the resulting assembly' is guite strong and 
able- tD Tvithsrtancl high teaiiila forces indeed on the ends of the 
joint. 

fit high toinpcraturefi, for instant 300°C, the beat 
resistant characteristics of the insulating member are primarily 
■determined by the thermal oharncter-i stirs of the glass material 
20 ua?.d the starting material. PartiuulEnriy, the transition 
temp era tnre of this inatoriftl is important. If the transition 
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temper a t\rre is, for ins twice, in a range of 5 SI) "C to 600 °C, 
h high mechanical strength for the overall asspsnbiy will be 
preserved to a temperature Df at least 300*C. 

■Kith Tospect to t^e roils Lance to mechanical impact 
S forces',, the mica ponder which is used to forp the Insulating 
member is composed of particles hai'ijifc a flat .shape wherein 
the ratio of the di.amBtcr to the thickness of a single scale 
particle is fcenevslly in a .range nf 30 to 55:1. Due to the 
presence of the scale particles, tho molded insulating member 

10 has a J.Hiuiitated form thereby providing it with a hif>h elasticity. 
This high elasticity would not "be present if the insulating 
Biemfjor were formed only of glass powders. Due to the iHrfuuiated 
construction, tfce insui atiii^ member is provided with a much 
gr&ater resistance to repeated temperature changes and mechanical 

IS Impact forces then is n prior art type of insulnting member made 
of an inoxganic compound, Therefore-, the insulatiAfc member 
produced in accordance with the invention is sufficiently strong 
that it can withstand the topical impact farces which arc en- 
countered during the use of the structure. 

20 Next, the construction of a preferred ej»l>odiraent 

of an. electrode Aevico of the invantlon utilising the above- 
described insulated pipe joint 21 will bo given vith reference 
to Fig. 3. Reference numerals 1 to 4 used In Tig. 3 indicate 
similar exponents as those of Fig, 1. The righthand halt of 

25 Fig. 3 shows the completed structure of the insulated i>lpe joint 
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21, A.* sJiown in the figure, the fciif.ulating member 2 includes 
twD insulated pipe joints 21. One end of the insula ting member 
2 is connected to the pipe 1 anil the other to the electrode 
3, These conn odious may bp made hy wo'J.J, - known tethniqiips such 
as welding pt by the use of screw threads. 

As, in accordance with the invention, the completed 
insulated pipe joint 21 has a common, tbroughbole ° f Cfin,stant 
internal diameter, the assembly and use thereof Is quite easy. 
Tor instance, the provision of the. above -described partitions 
is quite simple. Of cfturSe, mare than tvia insulated pipo joints 
21 can be provided as needed. Also, one of the pipe joints 21 
can be connected directly to the pipe 1. 

7£ needed, ssich as in the casu 5itt.tjo havinp n high 
salt concentration is used, the outer surface of the insulated 
pipe joint 21 can be covered with a coating 41 of an organic 
substance having a sufficiently high heat resistant property. 
This is shown in the lufthsnd paxt Df Pig. S. For example, the 

Til 

coating 41 can be formed hy shrink fitting a "Teflon " tube. 

Aji dusctibed abovd, in accordance* with tho invention, 
tho pipes and tha otoctrodes arc connected through the insulated 
pipe joints. Tensile forces applied at the ends of the instat- 
ed pipe joints are converted into compression forces which act 
between the cap pontions and the flange portions thereof. Since 
the eoiupre-ssiftu strength of tha insulating- member is much greater 
than the tensile strength thereof, the overall electrode device 
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of tlie invention lias a t$uito high mechanical strength and can 
withstand high pressures and strong mechanical impact forces 
so that it can be used under severe operating conditions often 
encountered in oil well application. 

Yet further, the coating 41 and the insulating members 
2 and 12 of the electrode can be formed from, other materials. 
To determine what materials are best for these members, tssts 
were conducted to investigate the resistance of various organic 
polymeric compounds to hot water and water vapor at high tesipoTatm e 
and under high pressure. The compounds investigated are listed in 
Table l. herein. 

Re-Carding the tests, test pieces of each of the materials 
iter© placed in quartz test tubes filled with pure water. These 
test tubes were placed in a 2-liter autoclave containing pure 
water. The autoclave was held at 2S0"C at an internal pres-suta 
of. 6fi kg/cm 2 for a period of 10 days. The autoclave- was then 
cooled to a room temperature and the test pieces veto checked for 
appearance. The results a T fi presented in Table 2 from which it 
cs.n be seen that liot water and steam had h much more adverse affect 
than dry heat. Of the materials testod, only polytetraf luoroetbylene 
resin find diphenyl oxide resin were acceptable . 

A. coating of -water, and staam resistant resin can bo 
formed, around the pipe 1 by ropeatedly applying coatings of the 
raate-rial. *nd baking the assembly until the desired thickness is 



- 17 - 



obtained. A3s<>, a coating of the heat resistant rei.sn can be 
formed by i : irst preparing a tube of the resist having an Inside 
diameter sightly larger than the outside rfiameler o Jt' tho pipe 
l.-.and Chen slipping the tube over the pipe 1. If the resin 

5 is in the form aE a sheaf, or tape, it ma/ be wound directly around 
the pipe \ and then fusion -bonded if necessary. As described 
above, a heat --shrink able tuhe of polytetraf luoioethylone can 
bo slipped over the pipe 1 and heated to fit it tightly to the pipe. 

As discussed above, whw the assembly including; the 

10 electrode j.s inserted into the oil •well, there is usia.voioiabiB 
contact .with the inner wall of the well so that the heat 
resistant liisulat.ing coating nuy be damagBd- To proven t this, 
protective coating of insulation 16 may be formed around the 
insulation 15 as shown in Pig. 5. Since the protective coating 

XS of insulation 16 may melt or collapse if the electrode is 

exposed to High temperatures, it can be made of an inexpensive 
Tnaterial such as polyethylene, polypropylene or polyvinyl chloride. 

Typically, the tptul length of the guide pipe 1 is 
200 to S00 tti. Howci'er, a single section of the steel pipe that 

20 makes up the fuide pipe 1 is only about 10 m In length, 'i'o join 
the pipe sections, each pipe section i£ provided with a taper 
thread on one end and the pipe sections are joined by screwing ■ 
them together. An insulating coating must also be formed around 
the j allied parts of the pipe sections und on the surface of the 

25 coupling. To accomplish this, as sho^d in Fig. 6, steel pipes 
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1A and IB are c&vered with the coaUng of heat assistant insulat- 
ing material ISA and 1FB anil arc joined hy a coupling IV. A 
coating of heat resistant insulation. 15C is formed aTDunrf the 
coupling extending into adjacent areas, A beat-shririkable tube 
of a t>DlytetrafluDroethylene is particularly suitable in this 
case. 

To protect th<s insulating coatings from direct contact 
with the inner wall of the well, stoel pipe sections 1A and IB 
covered with the coating of heat resistant insula tins material 
15A and 15 B and protective coatings of insulation ISA and 16B 
are first joined through the coupling 17, Thereafter, the coupling 
16 is coated with the heat resistant in5iil.at.-i.pn 15C and then a . 
layer of lcC if formed around the coupling and in the adjacent 
areas as shot/a in Fig, 7. 
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1A and IB are covered with the coating of heat resistant insulat- 
ing material ISA and 1FR and arc joined by a coupling 17. A 
coating of heat resistant insulation 15C is formed aTDunrf the 
coupling extending ii>tD adjacent areas. A beat-shr inkable tube 
£ of a pDlytetraflQDroethylejie is particularly suitable in this 
case. 

To protect thu insulating coatings from di/rwt contact 
with the inner wall of the well, stool pipe sections IA and IB 
covered with the coating of heat resistant insulating material 
1(1 15A and 15B end protective coatings of insulation 16A and 16B 

are flTst joined through the coupling 17, Thereafter, the coupling 
16 is coated with the heat resistant insulation 15C and then u . 
layer of 16C if formed around the coupling and in the ad j scant 
areas as shown in Fig, 7. 
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Table 2 



Sampl e A ppearance 

A OK. 

B I\irned into a lump 

C Ro. 

D ' Collapsed 

EI OK. 

B2 Dd. 

F Do. 

G Turned into a lump 

H Glass whitened 

(Resin came sprrt) 

I Dp, 

J Do. 
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WHAT IS CLAlMlil) tS: 

1 . An electrode device for electrically heating under- 
ground deposits or hydrocarbons comprising t a plurality of well 
pipe sections; an electrode adapted ta ho disposed in an under- 
ground deposit of hydxocarhons for supplying an. electric current 
to said undergrovnd deposit; a plurality of insulated pipe join is 
each including a first tubular memb er ]l*iy1]1]» a flange portion 

at one end thereof, a second tubular member baying a r.ap portion 
at <me end thereof adapted to be received in said flange portion 
of said first tubular member tfith a %a-fi therebetween, and un 
insulating member disposed in said gap between said fl angp , por- 
tion and said tap portion for hermetically coupling said first 
and iiocond tubulaT member and for electrically insulating said 
first and second tubular members from one another, said insulated 
pipe Joints being operatively disposed to couple at loast some 
of said pipe sections and said electrode vrtiile electrically 
insulating said at least some of said piac sections and said 
electrode;, and a cable connected to said electrode for supplying 
an electric current to said electrode. 

2. The electrode device as set forth in claim 1 wherein 
at least some of said insulated pipe joints are Interconnected. 
3- the electrode device as set forth in claim 1 therein 
said insulating member of each ,o€ said insulated pi.ps> joints 
comprises a first insulating portion disposed in said gap between 
said flange porti.an and said cap portion, and second insulating 
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portions disposed adjacent inner and outer surfaces of said 
tubular mesnbers, said first and second insula Ling portions 
being formed integrally with each other. 

4. fhe electrode device as set forth in claim 1 wherein 

5 said insulating member- of oacb of said insulated pipe joints 
is made & glass-mien molding foiled from glass and mica 

£. Thu eLcctvodo device as set fen-th in claim 1 farther 

comprising an insulating coating profided op at. luust & portion 
10 gf an Outer surface of said insulated pipe joints. 

&. The electrode dovico hs set forth in claim S. -wherein 

said insulating coating is: polytetT»t"LviorDc;tl)f lene . 

The electrode device as set forth in clatjn 6 -wherein 
SJtid insulating coating comprises a resin of thermally slirinkable 

15 polytetrsfluoTP ethylene, 

B, The electrode device as set forth in claim 5 wherein 

said insulating coating comprises a resin of diphBnyl o*ide. 

9. i^e electrode device as set forth in any of claims 5-7 
further comprising a protective layer of itvsul ation .upon. &t : •' 

20 least a portion of said insulating coating. 

10. tho ui^cti'ode devico as set forth in any of claims 5-7 
fuTthev comprising a protective layer of insulation upon at 
least a portion of said insulating coating, wi& layer of 
protective insulation comprising a materia] selected from the 

25 group consisting of polyethylene polyproftylene and polyvinyl chloride. 
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11^ An Cl Firrt.rodc; clov v:* for olCsctr Really h^atiny UAflur- 

ground deposit b d£ hydrocarbons compr Ic^ng a plurality ot inte>t:" 
COnrtCCtod wall pipe BKCtionB, an u-lotstro^e. E^Lipted to bo <%i RpnEted 
in an underground clepnait. of hydrocarbons supplying electric 
curreoL to said underground deposit, at least una ijicuiatfcd pipe 
joint including a first tubular member comprised of a veil pipe 
section having a flamjc portion at one end tboveaf , a Second tubu- 
lar member comprised of. said electrode deposed in LiligntiiOtlt 
with said lirSrt tubular number, rj coytr HlCNlb?r carried by saM 
sp.cond tubular weanbGr bavinci a cup portion a.t one end thorco.t 
dippo&ed in ovEi'lyiny relation, to aa,ia flange .portion above 3E>i.d 
firgt tubulin jnOAib&r with a gap ther ehe-twecn. , an ifi uulating member 
disposed in fiald gap between aaid flarKjo portion and iiftid cap 
portion for hermetically coupling suld rJ-.rst and second tubular 
member, find for electrically inBul&tlncr said first and second 
tubular members from one another, cAble means, connected to said 
eleot^odc for supplying an electric current to said eloctxode; and 
an J,)*?™ latino coating provided on a,t least an outer surface of 
tiaifl toeulating pipe }oinu< 
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